Introduction
============

Cataract remains the major cause of curable blindness, accounting for more than half of the total blind \[[@r1]\] and its prevalence in developing countries is much more than in developed ones \[[@r2]\]. Causative factors of cataract are many and its etiology is unclear, but oxidative stress is thought to be one of the underlying factors of most cataracts \[[@r3]\]. As of now, modern medical science has no effective treatment for cataract except surgery, though effective surgical remedy has its own limitations. Development of a drug which could prevent or delay the onset of cataract will lessen this burden and reduce the number of sightlessness.

Various experimental models have been used to study the etiology of cataract and to evaluate therapeutic effects. Selenite-induced cataract has been proven to be an extremely rapid and convenient model for nuclear cataracts. Cataract is induced in suckling rat pups by an overdose of the essential trace element selenium \[[@r4]\]. Several biochemical processes such as oxidative stress, altered epithelial metabolism, calcium accumulation, calpain-induced proteolysis, crystallin precipitation, phase transition, and cytoskeletal loss occur during the development of selenite-induced cataract. Of the above, ionic homeostasis is a key factor for maintenance of lens transparency. Loss of Ca^2+^ homeostasis has been implicated in most types of cataract \[[@r5],[@r6]\]. Levels of Ca^2+^ are maintained in the sub-micromolar range in the cytoplasm by membrane Ca^2+^ pumps \[[@r7]\], plasma membrane Na^+^/Ca^2+^ exchangers \[[@r8]\], and endoplasmic reticulum Ca^2+^ pumps \[[@r9]\]. Selenite cataractogenesis is found to have increased Ca^2+^ uptake and is highest in the nucleus \[[@r10]\]. An important consequence of calcium elevation in lens is the activation of calpains \[[@r9]\]. Calpains (EC 3.4.22.17) are a family of non-lysosomal cysteine proteases with a neutral pH optimum and a requirement of calcium for activation. Calpains are widely distributed in animal tissues where they are involved in a variety of cellular processes involving calcium. Calpains consist of the ubiquitous calpains 1 (μ-calpain), 2 (m-calpain), 3 (muscle specific calpain/p94) etc. In addition to this, there are tissue-specific calpains such as lens-specific Lp82 and Lp85 in rodent lens, which are shorter splice variants of calpain 3 \[[@r11],[@r12]\]. Studies on experimental cataract have demonstrated calpain-induced proteolysis of β-crystallin as a major mechanism in the lens maturation as well as cataractogenesis \[[@r13]\]. Lp82 is the dominant isoform of calpain in rodent lens, suggesting that it may be responsible for the proteolysis attributed to calpains in experimental cataract. Alterations to membrane proteins, lipid integrity, and the consequent increase of membrane ion permeability of the lens fiber cells have been reported in different pathological conditions \[[@r14],[@r15]\]. Thus, selenite-induced oxidative stress and the subsequent loss of Ca^2+^ homeostasis are responsible for the activation of lens calpains, which results in proteolytic precipitation and aggregation of soluble proteins to insoluble proteins. Naturally occurring compounds like flavonoids, tannins, anthocyanins, terpenoids etc. are known to exhibit antioxidant activity and hence might be of potential therapeutic value \[[@r16],[@r17]\]. Previous studies by our research group have clearly demonstrated flavonoids isolated from *Emilia sonchifolia* to exhibit good antioxidant and anticataractogenic potential \[[@r18]\].

*Dregea volubilis* Benth. ex. Hook. f. belongs to the family Asclepiedaceae and is a tall woody climber growing wild in hotter parts of India. The whole plant extract has been traditionally used to treat several diseases including eye ailments \[[@r19]\]. *D. volubilis* has been subjected to phytochemical analysis and found to contain several triterpenoid glycosides. Many aglycones including Drevogenin D, an aglycone of volubiloside A have been isolated from *D. volubilis* \[[@r20]\]. Our previous studies have shown that Drevogenin D exhibit antioxidant and anticataractogenic activity in vivo (data under publication). In the present study, we have investigated the role of Drevogenin D in preventing oxidative stress, activation of calpains, and the subsequent proteolysis of lens soluble proteins in an in vitro selenite cataract model.

Methods
=======

Materials
---------

M-199 (TC 199) culture medium, fetal bovine serum (FBS), antibiotic-antimycotic solution, sodium selenite, anti-Lp82 antibody, all chemicals for SDS-PAGE, and buffer salts for immunoblot were purchased from Sigma Chemical Company, St. Louis, MO. Alkaline phosphatase-conjugated secondary antibody, BCIP/NBT (5-bromo-4-chloro-3- indolyl phosphate/Nitro blue tetrazolium) substrate, and Tween 20 were bought from Genei, Bangalore, India. Nitrocellulose membrane (0.45 μm), Mini-Transblot, and Mini-Protean electrophoresis apparatus were from BioRad, Hercules, CA. Culture plates were acquired from Axygen Scientific, Union City, CA. All other chemicals and solvents were from SRL, Mumbai, India.

Specimen collection
-------------------

Fresh leaves of *D. volubilis* were collected locally during early summer, and the specimens were stored for reference. The specimen was verified with the herbarium of Tropical Botanical Garden & Research Institute (TBGRI), Thiruvananthapuram, India (Accession No.16591 P.S Jyothish) and authenticated by an expert (Dr. Valsaladevi, Curator, Department of Botany, University of Kerala). Specimen herbarium was submitted to the Department of Botany, University of Kerala and specimen voucher number obtained (KUBH-5582-Biju. P.G).

Isolation of Drevogenin D
-------------------------

Drevogenin D was isolated from *D. volubilis* using the method of Yashimura et al. \[[@r20]\] with modifications. Briefly, shade dried leaves were crushed, extracted with petroleum ether (60-80 °C) to remove the sticky and fatty materials and then extracted with hot methanol. The concentrated methanol extract was hydrolyzed using 1 M HCl for two to six h and neutralized then the solid matter was dried and extracted with ether. The extract was also dried and subjected to column chromatography using silica gel G. Successive elutions were carried out with hexane, followed by various ratios of hexane-chloroform mixtures beginning with nine parts hexane to one part chloroform (9:1) with stepwise decrease in hexane and increase in chloroform ratio (8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9), chloroform alone, and chloroform-methanol mixture (10:1), respectively. The fraction obtained in hexane:chloroform (1:9), was crystallized into a colorless crystalline compound with a melting point of 227-230 °C. The elemental analysis revealed the molecular formula C~21~H~34~O~5~ and answered the Libermann-Burchard reactions for terpenoids. The compound was identified as Drevogenin D (3β, 11β, 12β, 14β, 20ζ- Pentahydroxy δ^5^ pregnene) from its physical and spectral data and by direct comparison with an authentic sample using mixed melting point (m.m.p), combined infra red spectrum (co-IR), and combined thin layer chromatography (co-TLC) analysis.

Lens extraction
---------------

Lenses were extracted through a posterior approach from the eyes of one-month-old female Sprague-Dawley strain rats under deep anesthesia. Rats used for the study were obtained from the animal house stock of the host department and handled in accordance with the guidelines as per the host\'s \"Institutional Animal Ethical Committee\" and CPCSEA (Committee for the Purpose of Control and Supervision of Experiments on Animals) rules.

Culture Conditions
------------------

Lenses were organ cultured in M-199 medium with HEPES buffer, supplemented with 10% fetal calf serum (FCS), 100 U/ml penicillin, 0.1 mg/ml streptomycin, and 0.25 μg/ml amphotericin under 5% CO~2~ at 37 °C in a CO~2~ incubator. Selenite medium was prepared by adding sodium selenite to the medium to give a final concentration of 0.1 mM. Lenses were maintained in a 24 well culture plate with 2 ml medium/well and one lens/well for five days. Lenses developing opacification in the first 24 h were discarded.

Grouping
--------

Assay concentration of Drevogenin D was prepared by dissolving 5 mg/ml dimethyl sulphoxide (DMSO) and given at a concentration of 50 μg/ml medium. Lenses were maintained in normal and selenite-supplemented medium and were grouped as follows with eight lenses in each group: G-I; lenses cultured in a normal medium, G-II; lenses cultured in a selenite-supplemented medium (0.1 mM), and G-III; lenses cultured in a medium supplemented with sodium selenite (0.1 mM) + Drevogenin D-treated (50 μg/ml). Drevogenin D treatment to G-III was from the second to the fifth day while selenite administration to G-II and G-III were done on the third day.

Assay of superoxide dismutase activity
--------------------------------------

The activity of superoxide dismutase (SOD) in the lens samples was measured by the method of Kakkar et al \[[@r21]\]. The assay mixture contained 1.2 ml sodium pyrophosphate buffer (0.052 M, pH 8.3), 0.1 ml of 186 μM phenazin methosulfate (PMS), 0.3 ml of 300 μM 4-nitro-blue tetrazolium chloride (NBT), 0.2 ml of 780 μM NADH, 1.0 ml homogenate (lens homogenized in 0.25 M sucrose buffer), and water to a final volume of 3.0 ml. The reaction was started by the addition of NADH and incubated at 30 °C for one min. The reaction was stopped by the addition of 1.0 ml glacial acetic acid and the mixture stirred vigorously. 4.0 ml n-butanol was added to the mixture and shaken well. The mixture was allowed to stand for 10 min and centrifuged then the butanol layer was taken out and the absorbance was measured at 560 nm against a butanol blank. A system devoid of enzymes served as the control. One unit activity is defined as the enzyme concentration required for inhibition of chromogen production by 50% in one min.

Assay of Ca^2+^ ATPase activity
-------------------------------

The activity of Ca^2+^ ATPase in the lens samples was measured by the method of Rorive and Kleinzeller \[[@r22]\]. To the reaction tube, 0.25 ml of substrate (40 mM ATP in 0.4 M Tris-HCl buffer, pH 7.4) and 0.1 ml of lens homogenate was added. A tube devoid of the homogenate served as a control. All the tubes were incubated for 30 min in a water bath at 37 °C. The incubation was stopped by adding 2 ml of 10% trichloroacetic acid (TCA) then 0.2 ml ATP were added to control tubes and these tubes were subsequently kept in ice for 20 min. All the tubes were then centrifuged at 2500x g for 10 min and the supernatant was collected. The protein-free supernatant was analyzed for inorganic phosphate. For this, 3 ml of the supernatant were treated with 1 ml of ammonium molybdate and 0.4 ml of 2, 4 aminonapthol sulphonic acid (ANSA). The color developed was read at 680 nm after 20 min.

Estimation of levels of Ca^2+^
------------------------------

The levels of calcium ions in the lenses were estimated as follows. Individual lenses were weighed and digested in concentrated nitric acid:perchloric acid (5:1). After complete digestion, the samples were dried, diluted with 1% nitric acid, and made up to 50 ml in a standard flask. The samples were analyzed by flame photometry and the results were expressed as μM/g wet tissue.

Estimation of protein sulfhydryl content
----------------------------------------

The sulfhydryl content of lens proteins was determined using the Ellman\'s procedure as modified by Altomare et al \[[@r23]\]. Aliquots of total lens homogenate of approximately 3 mg of protein were treated with an equal volume of 4% sulfosalicylic acid (SSA). The pellets obtained after centrifugation were washed with 1 ml of 2% SSA to remove free thiols. The washed pellets were dissolved in 0.2 ml of 6 M guanidine (pH 6.0) and read spectrophotometrically at 412 nm and 530 nm before and after 30 min incubation in the dark with 50 μl of 10 mM 5.5\'-dithiobis-(2-nitrobenzoic acid; DTNB). Content of protein sulfhydryls was calculated using a calibration curve prepared with reduced glutathione.

Estimation of the level of thiobarbituric acid reactive substance
-----------------------------------------------------------------

The concentration of thiobarbituric acid reactive substance (TBARS) in the lens samples was estimated by the method of Niehaus and Samuelsson \[[@r24]\]. Briefly, lenses were homogenized in 0.1 M Tris-HCl buffer (pH. 7.5). One ml of the homogenate was combined with 2 ml of TCA-TBA-HCl reagent (15% trichloroacetic acid \[TCA\] and 0.375% thiobarbituric acid \[TBA\] in 0.25 N HCl) and boiled for 15 min. A precipitate was removed after cooling by centrifugation at 1000x g for 10 min and absorbance of the supernatant was read at 535 nm against a blank without tissue homogenate.

Casein zymography
-----------------

Calpain activity was studied zymographically by the method of Raser et al. \[[@r25]\]. Eight-percent gels (1 mm thickness), co-polymerized with 0.1% alkali-denatured casein, were pre-run with the zymography running buffer containing 25 mM Tris (pH 8.3), 192 mM glycine, 1 mM EGTA, and 1 mM dithiothreitol (DTT) for 15 min at 4 °C. Each sample was subsequently loaded and run. Gels were incubated in the zymography development buffer containing 20 mM Tris (pH 7.4), 10 mM dithioerythreitol (DTE), and 2 mM calcium at room temperature for 24 h. Gels were stained with Coomassie brilliant blue. Upon destaining, calpain activity developed as clear bands against a dark background indicating proteolysis of casein.

Immunoblot of Lp82
------------------

Water soluble proteins of rat lens (40 μg/well) were separated on a 12% SDS-gel. The proteins were electroblotted onto a nitrocellulose membrane (0.45 μm, Bio-Rad) under ice-cold temperature for one h at 100 V. The membrane was blocked overnight at 4 °C with 2% BSA (Bovine Serum Albumin, Fraction V prepared in Tris buffered saline-Tween-20). After rinsing the membrane with Tris buffered saline Tween (TBST), it was incubated for two h with 1:1000 diluted rabbit anti-Lp82 primary antibody. The membrane was washed three times (15 min each) with TBST and incubated with 1:5000 diluted goat anti-rabbit IgG secondary antibody coupled to alkaline phosphatase. The membrane was again washed three times (15 min each) with TBST buffer and developed with the BCIP/NBT substrate that developed into purple blue insoluble precipitates indicating the presence of Lp82. β-Actin was used as a loading control with rabbit anti-β-actin primary antibody at 1:1000 dilution.

Isolation of water soluble protein fraction
-------------------------------------------

Lenses were homogenized on ice in 1.0 ml of ice cold PBS (pH 7.4). Each homogenate was centrifuged at 10,000x g for 20 min at 4 °C and the precipitate was washed three times with the same buffer. The supernatant obtained was taken as the water soluble protein fraction.

Sodium-dodecyl-sulfate polyacrylamide gel electrophoresis of water soluble protein
----------------------------------------------------------------------------------

Sodium-dodecyl-sulfate polyacrylamide gel electrophoresis of water soluble protein (SDS-PAGE) was carried out in Hoeffer Slab gel apparatus using the method of Laemmli (1970) with some modifications \[[@r26]\]. A 12% gel of 7x8 cm and 1.0 mm thickness was used. The electrophoretic mobility depends on both molecular charge and size, so that the resulting protein pattern is characteristic of the specimen. All reagents and gels were made using Laemmli\'s system. The protein concentration of the samples was estimated and 20 μl (40 μg) was loaded in each well.

Estimation of protein value
---------------------------

The protein content of the samples was determined by the method of Lowry et al \[[@r27]\] using bovine serum albumin as the standard.

Statistical Analysis
--------------------

All statistical calculations were carried out with the Statistical Package for Social Sciences (SPSS) software program (version 10.0 for Windows). The values are expressed as the mean±SD. The data were statistically analyzed using one-way analysis of variance (ANOVA) and significant difference of means was determined using Duncan\'s multiple range tests at the level of p\<0.05 \[[@r28]\].

Results
=======

Lens morphology
---------------

All the lenses in G-I were found to be transparent. Twenty-four h of incubation in the presence of sodium selenite produced a dense cortical vacuolization and opacification. The addition of Drevogenin D ([Figure 1](#f1){ref-type="fig"}) to the culture medium prevented the formation of vacuoles and opacity to a greater extent. Six lenses (75%) of G-III were transparent when supplemented with Drevogenin D and the remaining lenses developed only lesser amount of cortical vacuolization and opacity ([Figure 2](#f2){ref-type="fig"}).

![Structure of Drevogenin D. Drevogenin D is the bioactive component isolated from *Dregea volubilis*. Shown is the steroidal ring structure of Drevogenin D (3β, 11β, 12β, 14β, 20ζ- Pentahydroxy δ^5^ pregnene), a triterpenoid aglycone isolated from the leaves of *Dregea volubilis*.](mv-v13-1121-f1){#f1}

![Rat lenses in various groups. **A** and **B** are normal lenses, **C** and **D** are selenite induced lenses, and **E** and **F** are selenite + Drevogenin D induced lenses. The magnifications of **A**, **C**, and **E** were 40X and the magnification of **B**, **D**, and **F** was 200X.](mv-v13-1121-f2){#f2}

Activity of superoxide dismutase
--------------------------------

The activity of superoxide dismutase (SOD) was decreased following selenite administration, while treatment with Drevogenin D was found to maintain significantly higher levels of enzyme activity ([Figure 3](#f3){ref-type="fig"}).

![Activity of SOD in lens. Activity of the antioxidant enzyme SOD in the lens of experimental groups. Values are expressed as mean (n=8) ±SD. Different symbols indicate statistically significant difference between groups at p\<0.05 using one-way ANOVA. Groupings are G-I: Control, G-II: Selenite-supplemented, G-III: Selenite-supplemented + Drevogenin D treated.](mv-v13-1121-f3){#f3}

Activity of Ca^2+^ ATPase and levels of Ca^2+^
----------------------------------------------

Activity of the membrane ionic pump, Ca^2+^ ATPase, was found to be decreased significantly following selenite induction whereas, treatment with Drevogenin D was found to maintain activity close to the normal levels ([Figure 4](#f4){ref-type="fig"}). The levels of Ca^2+^ were significantly elevated in G-II following selenite induction compared to G-I and G-III. Drevogenin D treatment was observed to maintain the levels of Ca^2+^ in the lens close to the normal level ([Figure 5](#f5){ref-type="fig"}).

![Activity of Ca^2+^ ATPase in lens. Activity of the ionic pump Ca^2+^ ATPase in the lens of experimental groups. Values are expressed as mean (n=8) ±SD. Different symbols indicate statistically significant difference between groups at p\<0.05 using one-way ANOVA. Groupings are G-I: Control, G-II: Selenite-supplemented, G-III: Selenite-supplemented + Drevogenin D treated.](mv-v13-1121-f4){#f4}

![Levels of Ca^2+^ in lens. The ionic concentration of Ca^2+^ in the lens of experimental groups. Values are expressed as mean (n=8) ±SD. Different symbols indicate statistically significant difference between groups at p\<0.05 using one-way ANOVA. Groupings are G-I: Control, G-II: Selenite-supplemented, G-III: Selenite-supplemented + Drevogenin D treated.](mv-v13-1121-f5){#f5}

Levels of protein sulfhydryl content and thiobarbituric acid reacting substances
--------------------------------------------------------------------------------

The lens protein sulfhydryl content is an indicator of protein oxidation and was significantly reduced in G-II compared to G-I and G-III. Drevogenin D treatment maintained the levels of sulfhydryl content close to normal ([Figure 6](#f6){ref-type="fig"}). TBARS, an indicator of lipid peroxidation, were significantly elevated following selenite induction in G-II whereas, Drevogenin D treatment showed a significant reduction in the levels of TBARS in G-III ([Figure 6](#f6){ref-type="fig"}).

![TBARS and sulfhydryl content in lens. The levels of TBARS (a lipid peroxidation product index) and Sulfhydryl content (an index of protein oxidation) in lens. Values are expressed as mean (n=8) ±SD. Different symbols indicate statistically significant difference between groups of each parameter at p\<0.05 using one-way ANOVA. Groupings are G-I: Control, G-II: Selenite-supplemented, G-III: Selenite-supplemented + Drevogenin D treated.](mv-v13-1121-f6){#f6}

Zymography and immunoblot
-------------------------

The zymogram for calpain exhibited activities of calpain 2 and Lp82 as caseinolytic clear bands. Lp82 gave an activity band close to the start of the gel while calpain 2 was further down. Drevogenin D treatment samples, G-III, showed a marked decline in the intensity of clearings but were marginally greater than G-I ([Figure 7A](#f7){ref-type="fig"}). The presence of Lp82 proteins in the lens samples was visualized by an immunoblot ([Figure 7B](#f7){ref-type="fig"}). G-II was found to show lower levels of Lp82 proteins as compared to G-I and G-III. Levels of the protein were comparable between G-I and G-III. Equal protein loading was confirmed by blotting the membrane with actin.

![Casein zymography and immunoblot of calpains in lens. **A**: Casein zymographic analysis is shown where G-I deonotes normal lenses, G-II indicates selenite supplemented lenses, and G-III signifies selenite + Drevogenin D lenses. **B**: An immunoblot of Lp82 is illustrated where G-I signifies normal lenses, G-II denoted selenite-supplemented lenses, and G-III indicates selenite + Drevogenin D lenses. Actin was used as a normalizing control.](mv-v13-1121-f7){#f7}

Sodium-dodecyl-sulfate polyacrylamide gel electrophoresis of water soluble protein fraction
-------------------------------------------------------------------------------------------

The SDS-PAGE profile of the water soluble lens proteins was carried out to visualize the effect of calpain-mediated proteolysis. G-I (Lane-I) showed the normal protein profile of the WSF. Two bands in G-II (Lane-2) were found to have lower expression intensity in WSF and correspond to 22.0 kDa and 30.5 kDa, respectively. These bands in G-III (Lane-2) showed expression near to normal levels found in G-I ([Figure 8](#f8){ref-type="fig"}).

![Sodium-dodecyl-sulfate polyacrimide gel electrophoresis of lens water soluble protein fraction. Lane M indicates the molecular weight marker, Lane 1 represents the protein profile of the normal lens while Lane 2 signifies the protein profile of the selenite-supplemented group, and Lane 3 denotes the protein profile of the Drevogenin D-treated group.](mv-v13-1121-f8){#f8}

Discussion
==========

Oxidative stress, which occurs due to the formation of free radicals in the cell as a consequence of both enzymatic and non-enzymatic reactions, has been established as a major factor involved in the development of most types of cataract \[[@r29]\]. Selenite-induced cataract has received much attention and was worked upon as a model system for oxidative stress-induced cataract. The mechanism of selenite cataract involves oxidation of sulfhydryl groups of proteins and calcium dependent activation of proteases \[[@r30]\]. Oxidative stress-induced lipid peroxidative damage of membranes might be a contributing factor in the loss of Ca^2+^ ATPase activity and accumulation of Ca^2+^, which in turn leads to the activation of lens calpains and subsequent proteolytic degradation of lens soluble proteins in selenite cataract.

Previous reports from India have shown that phytochemicals play an important role in the prevention of oxidative stress-induced cataract \[[@r31],[@r32]\]. Our earlier studies have indicated Drevogenin D, a triterpenoid aglycone ([Figure 1](#f1){ref-type="fig"}), to possess excellent antioxidant potential and alleviate selenite-induced cataractogenesis in animal models \[under publication\]. In the present study, organ-cultured rat lens was used as the model to determine the protective effects of Drevogenin D against selenite-induced cataractogenesis. Cortical vacuolization and opacification are characteristic of in vitro selenite cataract while it is a nuclear cataract in selenite-induced in vivo rat pup model. Although the opacifications developed are different, the underlying mechanisms are found to be similar \[[@r9],[@r33]\].

Calcium is essential for various lens fiber cell processes including its differentiation \[[@r34]\]. The levels of the divalent cation Ca^2+^ in the lens is maintained at submicromolar range and is lower than that of the aqueous humor \[[@r7]\]. It has also been found that alterations in the homeostasis of lenticular Ca^2+^ have been implicated in cataractogenesis \[[@r35]\]. In this study, activity of Ca^2+^ ATPase was significantly decreased by selenite administration with a corresponding increase in Ca^2+^. Treatment with Drevogenin D was observed to maintain the activity of Ca^2+^ ATPase and levels of Ca^2+^ close to normal range ([Figure 4](#f4){ref-type="fig"} and [Figure 5](#f5){ref-type="fig"}). The level of Ca^2+^ is maintained by Ca^2+^ ATPase, which counteracts the inward passive diffusion of Ca^2+^ \[[@r36]\]. Ca^2+^ ATPase is a major factor involved in maintaining lenticular Ca^2+^ levels and loss of its activity could explain the rise in Ca^2+^. Earlier reports have shown that Ca^2+^ ATPases are particularly sensitive to oxidation and that oxidative damage leads to decreased activity of these enzymes, resulting in elevated levels of Ca^2+^ in the lens \[[@r37]\]. Ca^2+^ ATPases are also reported to be sensitive to membrane lipid order and their decreased activity may be related to structural changes in membrane lipids \[[@r38]\]. Studies also shown that lens lipids have a high affinity to bind Ca^2+^ and any alteration may decrease its capacity, which results in elevated levels of Ca^2+^ \[[@r38],[@r39]\]. These findings are in agreement with our observation that selenite-induced oxidative stress resulted in higher levels of lipid peroxidation, loss of activity of Ca^2+^ ATPase, and accumulation of Ca^2+^ in the lens. The lower levels of Ca^2+^, higher activity of Ca^2+^ ATPase, and decreased levels of lipid peroxidation in the lens of the Drevogenin D-treated group could be attributed to its antioxidant protection against selenite-induced oxidative stress.

Calpains are Ca^2+^-activated neutral proteases found in all tissues. In spite of their important regulatory functions under normal physiological conditions, accumulated levels of Ca^2+^ are observed to result in the proteolysis of crystallins associated with cataractogenesis. Though not found in humans, Lp82 are of significant importance in rodent cataractous models \[[@r40]\]. In the present study, zymographic results of Lp82 and the ubiquitous calpain 2 showed bands of greater intensity in the selenite-induced group. Activation of calpains was found to be in tandem with the rise in levels of Ca^2+^ as described above ([Figure 7A](#f7){ref-type="fig"}). Treatment with Drevogenin D was found to exhibit a lower activation index, which was comparable with the level of Ca^2+^ observed. Hence, it could be inferred that the near normal levels of Ca^2+^ and Ca^2+^ ATPase activity following Drevogenin D treatment has a direct bearing on the observed decrease in the activation of Lp82 and calpain 2. The immunoblot of Lp82 was carried out to assess the level of its protein in relation to calpain activation. Major loss of Lp82 protein has been reported during selenite-induced cataract, which might be explained by the process of auto-proteolysis \[[@r41]\]. The level of Lp82 protein was found to be lowered in the selenite-induced group that exhibited a higher level of calpain activity while Drevogenin D-treated group exhibited protein levels almost similar to the normal exhibited in G-I ([Figure 7B](#f7){ref-type="fig"}).

Crystallins, the major structural proteins of the lens, are excellent substrates for lenticular calpains \[[@r42]\]. The elevated levels of activity for lenticular calpains contribute to cataractogenesis \[[@r43]\]. The ability of calpain 2 as well as Lp82 to proteolyse α- and β-crystallins has been demonstrated in mice \[[@r44]\]. Earlier studies have reported that β-crystallin is more susceptible with calpain 2 and Lp82 sharing similar proteolysis pattern whereas α-crystallin had different cleavage sites for the two calpains \[[@r45]\]. Calpain-induced truncation of crystallins is a major cause of altered protein-protein interaction, which leads to protein precipitation. In our study, the SDS-PAGE pattern of soluble proteins showed a decrease in the intensity of two bands corresponding to 22.0 and 30.5 kDa in the selenite-induced group ([Figure 8](#f8){ref-type="fig"}). These results suggested that proteolytic insolubilization of these bands may be due to excessive calpain activity in this group ([Figure 7A](#f7){ref-type="fig"}). The Drevogenin D-treated group had the expression of these bands at normal levels while the activation of calpains was only marginal. Hence, it might be inferred that these bands correspond to the proteolysed crystallins in the selenite-induced group. Lenticular fodrin are also degradative substrates for calpain and their degradation has been associated with cataractogenesis \[[@r46]\]. Fodrin/spectrin proteolysis could also be a possible event in this study in the development of lens opacification but the SDS-PAGE profile showed no significant change at the molecular range, which was expected for fodrin while the change was significant at a lower molecular range suggesting crystallin degradation as the major event in calpain degradation.

Oxidative stress induced by selenite and its mitigation by Drevogenin D treatment was assessed by measuring the activity of SOD ([Figure 3](#f3){ref-type="fig"}), levels of protein sulfhydryl content, and TBARS ([Figure 6](#f6){ref-type="fig"}). The activity of SOD and protein sulfhydryl content was significantly lowered in the selenite-induced group while the levels of TBARS showed a significant increase. The loss of SOD activity could be expected due to the oxidation of sulfhydryl groups \[[@r31]\] and loss of membrane integrity. The Drevogenin D-treated group was found to exhibit the activities of SOD, sulfhydryl content, and TBARS near the normal level. Similar results were reported by us as well as other groups \[[@r16],[@r33],[@r47]\]. Mitochondria are rich source of Ca^2+^ and also the source of ATP in cells. Oxidative damage of mitochondria has been shown to increase cellular Ca^2+^ levels \[[@r48],[@r49]\] and contribute to lens fiber cell globulization in vitro \[[@r50]\]. The protective effect of Drevogenin D could also be attributed to its mitochondrial protective activity by virtue of its ability to prevent oxidative stress and preoxidative damage of mitochondrial membrane, thereby keeping the Ca^2+^ level normal and preventing calpain activation.

These results suggest that Drevogenin D treatment is effective in protecting the lens proteins by maintaining Ca^2+^ ATPase activity, preventing an accumulation of calcium thus calpain activation, and prevention of protein oxidation and lipid peroxidation, which are all results of selenite induction, are supportive of the anticataractogenic potential of the compound. In our study Drevogenin D acts as an antioxidant to prevent critical sulfhydryl oxidation of Ca^2+^ ATPase and thereby, controlling the levels of calcium. Our results are found to be in agreement with the reported data \[[@r33]\]. The antioxidant property of Drevogenin D was already established in our laboratory (data under publication). This is the first study reported on the effect of a triterpenoid in general and of Drevogenin D in particular to protect against selenite-induced cataractogenesis.
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